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HIEK-ARCHICAL  CLUSTERING  OK  CER.VMIC  PARTICLES 


IN  COLLOIDAL  SYSTEMS 

I Than  A.  Aksay 

Department  of  Materials  Science  and  Engineering 
University  of  Washington 
Seattle,  Is'ashington  98195 

Abstract 

In  ceramic  processing,  powder  consolidation  and  sintering  is  commonly 
used  in  microdesigning  of  polycrystalline  and  polyphase  composite  systems. 

In  this  approac’n,  three  basic  steps  are;  (i)  processing  and  dispersion  of 
powders,  (ii)  consolidation  of  powders  either  with  the  use  of  liquid 
suspensions  or  dry  pressing  techniques,  and  (iii)  densif ication  of  powder 
compacts  with  the  application  of  heat  and/or  pressure.  In  the  first  step, 
colloidal  dispersion  techniques  are  needed  to  eliminate  particle  clusters 
tiiai  form,  uncont  rol  lably  due  to  van  der  Waals  attractive  interactions.  This 
approach  is  especiallv  useful  wlien  we  work  with  multiphase  particle  systems 
in  the  10”’''  to  10”’  m  range.  In  the  second  step,  transitions  from  dispersed 
to  consolidated  state  start  as  a  nucleation  and  growth  process  of  first 
ceneration  particle  clusters.  These  particle  clusters  form  when  either  the 
ifiterpart  ic  le  binding  energy,  E,  or  the  particle  number  density,  in  the 
suspension  exceeds  a  critical  value.  We  outline  these  transitions  with  a 
theoretically  calculated  E  vs.  o  colloidal  phase  diagram.  Hierarchically 
clustered  raicrostructures  form  due  to  multiple  clustering  of  particle 
clusters.  Consequently,  in  such  hierarchically  clustered  microstructures, 
thic  classification  of  the  void  space  follows  a  similar  trend  as  first, 
stcond,  and  third  generation  voids.  Unlike  the  particle  clusters  that  we 
wanieC  to  eliminate  in  the  dispersion  stage,  the  size  and  the  spatial 
arrangement  of  the  particle  clusters  that  form  can  be  cont  rL' 1 1  etl  by  ,sinipl\ 
c  ;;a".c  ny.;  the  colloidal  consolidation  path  on  tlie  phast'  diagram.  In  the  third 
st<-p,  t  iic  eve'.vition  of  ttie  mic  rost  rue  turc  follows  a  path  influetu-ed  bv  the 
cierarc'nv  or  particle  clusterin;-.  First  generatiem  particle  clusters  siiUti' 
ra.-nter  and  at  s  i  gn  i  f  i  cant  1  v  lowi-r  temperatures  tiian  the  hiclier  I'lder  void 
recien-^.  T'n  i  ,s  evolut  ionary  path  miuy  be  characterized  by  tiu  inetbasis  tar.iliar 
tc  'IS  i:;  statistical  me,'nanics. 


ABSORBABLE  COMPOSITES  AS  ORTHOPAEDIC  IMPLANTS 


Harold  Alexander,  John  R.  Parsons,  John  L.  Ricci,  Andrew  B.  Weiss 
Section  of  Orthopaedic  Surgery,  UMDNJ-New  Jersey  Medical  School 

Newark,  New  Jersey  USA 

Combining  alpha  polyesters,  such  as  polylactic  acid  polymer  (PLA)  with 
carbon  fiber,  hydroxylapatite  ceramic  (HA),  tri-calcium  phosphate  ceramic 
(TCP),  various  organic  acids,  and  calcium  sulphate,  we  have  been  able  to 
produce  materials  of  greatly  varying  mechanical  properties  that  elicit 
some  desirable  biological  responses.  Depending  upon  the  formulation  chosen, 
these  materials  appear  to  have  applications  in  both  soft  and  hard  tissue 
repair  and  replacement.  Ligaments  and  tendons  have  been  reconstructed  with 
a  filamentous  carbon  device  coated  with  an  absorbable  polymer  to  prevent 
premature  fragmentation  of  the  carbon  fiber.  Fracture  repair  has  been 
effected  with  a  laminated  composite  bone  plate  of  either  carbon  or  calcium 
phosphate  glass  fiber  reinforced  PLA.  HA-TCP-organic  acid  and  HA-calcium 
sulphate  composites  have  been  developed  as  bone  graft  substitutes. 

Ribbon-like  structures  of  uniaxially  aligned  carbon  fiber  coated  with 
PLA  have  been  used  to  repair  defects  in  tendons  and  ligaments  in  a  number  of 
animal  models  and  clinically  in  over  1,500  patients  worldwide.  The 
composite  acts  as  a  scaffold  for  the  regrowth  of  host  collagenous  tissue. 

As  the  thin  polymer  coating  on  the  implant  absorbs,  fibroblasts  from  the 
host  tissue  invade  the  carbon  fiber  scaffold  and  new  collagen  is  laid  down. 

The  new  collagenous  tissue  ultimately  provides  a  considerable  percentage  of 
the  strength  of  the  repair.  Scanning  electron  microscopy  of  biopsy  material 
has  shown  that  the  polymer  has  been  absorbed  and  new  collagenous  tissue  has 
grown  in  and  about  the  carbon  fiber  scaffold.  Light  microscopy  showed  a 
proliferation  of  fibroblasts  surrounding  each  fiber  producing  a  mantle  of 
well-formed  collagen. 

Reinforcing  PLA  with  carbon  or  absorbable  glass  fiber  offers  the  possibility 
of  producing  an  implant  with  adequate  strength  to  support  the  musculoskeletal 
system  -  bone  plates,  screws,  IM  rods,  etc.  The  advantages  of  such  devices 
are  twofold.  First,  there  would  be  no  need  for  secondary  surgical 
procedures  to  remove  absorbable  devices.  Second,  with  time,  the  devices 
degrade  mechanically,  reducing  stress  protection  and  accompanying  osteo¬ 
porosis.  By  virtue  of  the  fiber  reinforcement,  the  devices  have  excellent 
initial  properties.  Witn  time,  the  PLA  matrix  degrades  and  the  plate  loses 
rigidity,  gradually  transferring  load  to  the  healing  bone.  An  osteotomy 
healing  study  and  an  osteoporosis  study  performed  with  canines  have  proved 
this  concept.  Ongoing  in-vivo  and  in-vitro  degradation  studies  are  providing 
data  for  an  application  for  the  human  use  of  degradable  fracture  fixation. 

Particulate  ceramics  of  hydroxylapatite  and  tri-calcium  phosphate  have 
been  used  as  bone  defect-filling  materials.  These  materials  have  proven  quite 
s-iccessful  in  several  oral  surgical  procedures.  However,  usefulness  as  an 
implant  material  has  been  limited  partly  because  of  migration  of  the 
particles  from  the  implant  site.  Consequently,  we  have  put  these  materials 
in  combination  with  resorbable  setting  agents.  When  water  is  added  to  these 
ceramic/binder  combinations,  they  set  to  form  solid  composite  materials. 

Setting  times,  resorbability ,  and  porosity  of  these  materials  varied  depend¬ 
ing  on  the  components  used.  To  test  the  biocompatibility  and  bone  ingrowth 
properties,  the  materials  were  placed  in  drill  holes  in  the  tibias  of  white 
New  Zealand  rabbits.  Histologically,  all  of  the  implanted  composites  exhibited 
good  biocompatibility  and  bone  apposition  or  tissue  ingrowth.  They  nave  been 
foiund  to  remain  in  place  until  the  defect  is  filled  or  the  implant  is  secured 
oy  new  bone. 
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HIERARCHICAL  ORGANIZATION  AND  MECHANICAL 
BEHAVIOR  IN  COMPOSITE  STRUCTURES 


by 

Eric  Baer 

Case  Western  Reserve  University 
Cleveland,  Ohio 

ABSTRACT 

The  relationships  between  hierarchical  organization  and  mechanical  behavior 
will  be  discussed  using  two  widely  different  systems.  Firstly,  thermotropic  liquid 
crystalline  polyesters  which  are  a  new  class  of  polymeric  materials  which  have  unique 
molecular  and  solid-state  structures,  flow  characteristics  and  mechanical  properties 
will  be  described.  Injection  molded  plaques  were  found  to  consist  mainly  of  three, 
highly  anisotropic,  flow  induced  macrolayers:  two  skins  and  a  core  in-between.  By 
using  f ractographi c  methods,  the  internal  solid  state  structure  of  the  macrolayers 
was  elucidated.  A  hierarchical  structure  has  been  proposed  describing  the  observed 
levels  of  organization.  The  skin  macrolayer  has  a  distinct  structural  gradient 
co~crised  of  three  subdivisions  from  the  surface  inward:  a  highly  top  oriented  layer, 
several  oriented  sublayers  and  a  less  oriented  inner  zone.  The  top  layer  is  fibrillar 
in  nature  and  the  sublayers  consist  of  stacks  of  interconnected  microlayers.  In  the 
core, no  well  defined  substructure  was  boserved,  yet  molecular  orientation  perpendicular 
to  the  injection  direction  represented  the  localized  flow  patterns.  Similar  structural 
observations  for  short  fiber  reinforced  composites  have  also  recently  been  completed 
indicating  relationships  between  the  anisotropic  structure  of  the  fibers  and  matrix. 

Secondly,  the  structure  which  results  from  solid  state  extrusion  using  biaxial 
orientation  was  analyzed  for  oriented  polypropylene.  Structural  changes  on  the 
sp‘'e''ul  i  tic ,  lamallar,  and  macromolecular  level  during  orientation  were  investigated 
using  optical  microscopy  (OM),  small  angle  x-ray  scattering  (SAXS),  and  wide  angle 
x-ray  scattering  (WAXS).  The  results  showed  that  polypropylene  spherulites  undergo 
stepwise  biaxial  affine  deformation  and  deform  homogeneously  into  a  disc-like 
rcrpnology.  During  this  spherulitic  flattening  process,  lamellar  rotation  into  the 
planar  direction  occurs  prior  to  lamellar  break-up  at  a  biaxial  draw  ratio  of  about 
1.5.  On  the  macromolecular  level,  the  crystalline  c-axis  orients  in  the  plane 
concurrently  with  the  lamellar  break-up,  while  the  crystalline  b*-axis  gradually 
orients  normal  to  the  plane.  Amorphous  chains  are  also  oriented  preferentially  in 
t^e  plane  of  deformation.  A  hierarchical  model  was  proposed  to  illustrate  the  nature 
of  the  orientation  in  the  flattened  spherulites.  Currently,  we  are  seeking 
correlations  between  this  hierarchical  structure  and  the  unusual  mechanical  properties 
c*  co~press i vel y  oriented  polypropylene. 


POLYMERS  IN  INFORMATION  SYSTEMS 


Alan  Buckley 

Celanese  Research  Company 
Summit,  NJ  07901 


The  rapid  growth  in  the  generation,  processing,  transmission  and  storage  of 
information  offers  new  opportunities  for  specialty  polymers.  In  particular, 
the  development  of  optical  systems  for  data  processing  and  storage  creates 
opportunities  for  polymers  which  are  designed  to  exhibit  specific  responses 
to  optical  stimuli.  The  important  area  of  photolithography  for  circuit  con¬ 
struction  and  fabrication  will  not  be  addressed  in  this  paper  which  will 
concentrate  on  two  new  developments,  those  of  Optical  Data  Storage  and  Non- 
Linear  Optical  Phenomena. 

Optical  Data  Storage  offers  important  advantages  in  data  density  and  is 
dependent  on  materials  which  change  some  physical  property  under  the  in¬ 
fluence  of  laser  irradiation.  There  are  a  number  of  potential  methods  of 
achieving  this  effect,  the  most  germane  for  this  conference  being  the 
dye/polymer  system  where  the  input  radiation  is  absorbed  and  converted  to 
heat,  the  heat  then  rapidly  and  reproducibly  causes  local,  controlled, 
changes  in  the  polymeric  system. 

Non-Linear  Optical  Phenomena  rely  on  the  interaction  of  intense  (laser) 
light  with  the  electronic  structure  of  materials.  These  interactions  lead 
to  specific  changes  in  the  transmitted  or  reflected  light;  for  example,  the 
f''equency  may  be  doubled  or  tripled  depending  on  specific  structural  para¬ 
meters.  Organic  materials  are  the  structures  of  choice  for  NLO  phenomena 
due  to  their  att'^ibutes  of  extremely  high  speed  responses.  However,  organic 
single  crystals  are  very  poor  materials  from  an  engineering  point  of  view, 
thus  the  drive  towards  incorporating  the  NLO  active  moieties  into  polymeric 
structures  which  would  then  provide  the  desired  combination  of  optically 


MECHANICS  OF  LOW  DENSITY  MATERIAI 


C»  * 


R.  M.  Christensen 

Lewr-.-r.ce  Live'T.or'e  National  Laboratory 
Livermore,  CA 

ABSTRACT 

ec'.-.r.rios  ara.yses  are  usea  to  derive  the  effective  elastic  modui.:  for  low 
ty  rat  e.-' .  al  3 .  Both  open  cell  and  closed  cell  geometric  models  are 
yed  ir.  the  case  of  isotropic  media.  The  five  independent  effective 
1  ar'e  derived  for  a  low  density  transversely  isotropic  medium, 
essi'/e  strength,  as  defined  by  elastic  stability,  is  also  derived  for 
cell  and  closed  cell  isotropic  .materials. 

The  wor^  is  restricted  to  materials  of  very  low  density  (high  porosity) 
fitaticn  whereby  three  dimensional  continuum,  mechanics  forms  and 
ion;  can  be  baeen  bo  the  limit  of  plane  stress  conditions  in  the  micro- 
lal  mer.b-j-'s  on  the  scale  of  individual  cells.  In  this  connection,  it  is 
deo  to  use  only  well  developed  theoretical  mechanics  solutions  whereby 
bive  prcpe'-bies  of  bhe  lew  density  materials  are  fully  predicted  by 
mabib.n  cn  cell  geometry  and  the  inherent  properties  of  the  constituent 
ial ,  w:tn  no  adjustable  parameters  or  constants  of  proportionality.  The 
purpose  ir.  the  present  work  is  to  establish  predicted  modulus  and 
gbh  d.fferences  between  open  cell  and  closed  cell  materials  of  very  low 
ty ,  an:  in  the  process  to  infer  seme  characteristics  of  optimal  cell 


of  the  cp 
losed  cel 
is  less 


b  e  b  w  e  -  n  t 


conclusic.n  to  be  drawn  from  this  werk  involves  the  "trade  off" 
between  the  open  cell  type  material  and  the  closed  cell  form, 
mework  of  the  geom,etric  micro-structure  models  employed  here, 

1  m.aterial  nas  a  modulus  which  is  about  three  times  greater  than 
en  cell  form.  On  the  other  hand, under  hydrostatic  compression 
1  r,ate''ial  has  a  compressive  strength,  as  limited  by  buckling, 
than  tnat  of  the  open  cell  form  by  a  factor  of  about  "c"  which 
f'^action  of  material.  Since  volume  fraction  "c"  could  be  very 
ow  density  range,  there  is  a  very  la'-ge  difference  in  perferm- 
h.e  two  types  of  materials,  favoring  the  open  cell  form. 


The  th.eor'et  i  cal  results  have  been  corroborated  by  comparison  with 
imenbal  results  for  a  low  density,  reticulated  vitreous  carbon  material 
Idbively  nign  uniformity  ana  material  distribution.  The  material  has 
besbel  by  'uompression  of  prism.atic  specim.cns.  Four  specimens  had 
I'-el  mcdul  1  of  3S.5  MPa.  The  corresponding  theoretical  prediction 
•■do  from.  Fc .  (5)  wherein  it  is  n-^cessary  to  know  the  material  modulus 
Th*‘  appropriate  handbook  valu-‘  for  ot'  industrial  carbur.  is  given 

=  6.9  GPa.  The  volume  fraction  of  the  material  tested  is  .031.  Using 
d-.ba  in  Ea.  (6/  give.s  a  thecrotioal  prediction  of  E  -  36  MPa,  which 
i^eu-o.^ite  well  with,  the  experimental  value.  Therefore,  it  appears  that 
mat  1  a  I  o'm^s  clo.ie-  to  tiio  "best”  per  f  ornan  o*'  lev,',  predicted  by  th.v 


p-.'  ' -'med  .jn  i--r’  the  auop. cf  th<^’  U.  S.  Dep  i-t  men!  of  Energy  by 

'  If  L.V'  rmore  National  Lib  -'.tt.,r-y  unce.''  CoriLmeb 


ORGANIZATIONAL  STRUCTURE  AND  MECHANICAL 
FUNCTION  IN  SOFT  CONNECTIVE  TISSUE" 


Anne  Hiltner 

Macromolecular  Science  Department 
Case  Western  Reserve  University 
Cleveland,  OH  44106 

AEETRAC" 

So^t  connective  tissues  are  designed  to  serve  unique  functions  in 
"'a~~als.  'Href-  examples  -  tendon,  intestine  and  intervertebral  disc  -  will 
ce'nonst'‘ate  tnat  these  tissues  are  constructed  from  a  small  number  of 
"d  : ’•o'^o  I  ec  L,  1  ar  "building  blocks".  These  nacromol  ecu!  es  are  organized  into 
■  e^'a 1  ca  1  structures  that  are  anisotropic  fiber  composites. 

w'dely  varying  mechanical  functions  are  derived  from  the  specific 
co"'Posite  architectures  that  make  each  tissue  unique. 

st''uctu''al  levels  at  which  the  properties  are  resolved  occur  at  a 
size  scale  that  can  be  elucidated  using  the  techniques  of  modern  materials 
science.  The  relationships  between  composite  structure  and  mechanical  behavior 
reversible  and  damage  regimes  of  deformation  can  be  understood 
b/  ,.sina  established  modeling  methodology.  Subsequently,  from  this  type  of 
under's  tand  i  nq ,  it  seems  reasonable  to  suggest  that  new  concepts  and  designs 
m  advanced  synthetic  composites  can  evolve  from  the  science  of  these 
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ABSTRACT 


cal  and  mechanical  properties  of  multilayer  composites  having  49 
alternating  layers  of  polycarbonate  (PC)  and  styrene  acrylonitril 
were  studied.  Uncer  dynamic  mechanical  testing,  a  unique  dampen 
with  a  log  decrement  intensity  of  approximately  one  was  observed 
ce^at-re  (128-130C)  which  is  intermediate  to  the  Tg's  of  the 
ituent  polymers  of  PC  (IBO'C)  and  SAN  (104'C).  Variations  in 
lal  and  experimental  parameters  had  no  effect  on  the  occurrence  c 
'■termediate  peak--only  the  disruption  of  the  continuous  nature  o^ 
a;,er  structure  effectively  eliminated  this  novel  transition.  Ti-^-i 
of  this  transition  will  be  discussed. 

ec^'amoal  properties  of  PC/SAN  composites  were  studied  in  ter-s  o 
cmoiQsition  ratio  and  total  number  of  layers.  The  impact  st:"erg:" 
ou-'d  to  increase  monoton  i  ca  1  ly  with  the  volume  fraction  of  PC  as 
as  number  of  layers  even  if  the  total  thickness  of  the  composite 
eld  constant.  Under  the  tensile  test,  changes  in  mode  of  fract-’’ 
noted,  again  with  the  variation  of  com, position  and  number  of 
s.  Suppression  of  SAN  crazing  and  cold  drawing  of  the  entme 
S’te  was  also  possible  when  the  SAN  layers  were  sufficiently  tn-" 
cdl  reason  ’ng  oehind  these  behaviors  will  be  discussed. 


HTFRARCinCAL  STRUCTURE  IN  CRYSTALLIN!-;  POLYMERS 
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TTie  basic  unit  in  a  semicrysta  1 1 1  no  polymer  is  a  lamellar 
crystal  composed  predominantly  of  folded  molecular  chains. 
Depending  upon  the  particular  polymer  and  the  manner  in  which 
It  is  crystallized,  these  lamellar  crystals  are  capable  of 
organization  into  a  wide  variety  of  morphological  form.s. 

Properties  are  influenced  significantly  by  details  of  this 
organization  ranging  from  the  molec;ular  levt^l  to  virtually  a 
macroscopic  scale.  Structures  and  their  influr-ncie  ugrin  properties 
will  be  reviewed  with  emphasis  upon  present  ir  .derst  and  1  ng  oi  liow 
the  structures  are  formed  and  how  their  variati  oits  are  reflected 
in  macroscopic  behavior.  Murah  of  the  thinking  in  t.,he  field  is 
current. ly  being  challenged  in  tiic  light  of  re^'ent  evidence. 

LC'W  t  re’ids  In  i  nt  err  r  otat  i  on  will  be  discussed  with  particular 
emphasis  upen  m.c- locular  mech.ani  sms  involved  in  the  growth  of 
iam.cllar  t-  lyrr.e'i  crystals  and  upon  how  spherulitic  structuro.s 
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Recent  advances  in  nuclear  magnetic  resonance  (NMR)  spectroscopy  afford  opportunity  to 
examine  details  of  molecular  motion  in  solid  polymers.  In  this  presentation,  we  report  on 
variable-temperature,  magic-angle  spinning  carbon-13  NMR,  deuterium  NMR,  and  proton 
NMR  studies  of  motions  in  amorphous  and  semi-crystalline  polymers.  Spectral  data  and 
spin-lattice  relaxation  data  an  polycarbonate,  polypropylene,  and  aromatic  polyesters  are 
utilized  to  discuss  mainchain  and  sidechain  motions  in  these  systems. 
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Various  ultrasonic  techniques  were  developed  and  utilized  to  study  the 
methanical  deformation  and  fracture  processes  in  amorphous  polymers. 

The  three  seniors  method  for  AE  (acoustic  emission)  measurement  was 
developted  to  detect  very  weak  AE  signals  from  polymers  under  tensile 
deformation  process.  It  was  found  for  a  ductile  polymer  of  polycarbonate 
that  there  exists  a  correlation  between  the  deformation  mechanism  and  the 
AE  characteristics,  such  as  a  wave  form,  duration  of  AE  signals  and 
distribution  of  AE  sources  in  the  tensile  specimen.  In  the  case  of  brittle 
polymers  such  as  polymethyl  methacrylate  (Pt.MA).  only  few  AE  events  were 
detected  upon  the  formation  of  submicrocracks.  Furthermore,  this  AE 
technique  was  utilized  to  confirm  the  intermittent  crack  propagation 
phen  .menon  observed  for  a  SEN  (single-edge  notched)  R.MA  sample  during  the 
fracturing  process  under  high  pressure. 

Simultaneous  measurements  of  AE  and  high  speed  shadow  optical 
photographs  revealed  that  the  density  of  the  parabolic  marking,  which 
appears  on  the  fracture  surfaces  of  SEN'-Pt.llA.  has  a  closer  correlation  to 
the  amplitude  of  the  stress  wave  emitted  during  crack  propagation,  rather 
than  to  the  values  of  crack  speed  or  stress  intensity. 

Precise  measurements  of  ultrasonic  velocity  of  PfvttA  under  tensile 
stress  condition  showed  the  lowering  of  the  elastic  modulus  in  both  the 
directions  parallel  as  well  as  perpendicular  to  the  tensile  direction. 
This  softening  phenomenon  in  MHz  region  was  further  confermed  by  Brillouin 
scattering  in  GHz  region,  and  was  proven  by  small  angle  X-ray  scattering 
experiments  to  be  attributed  to  the  formation  of  submicrocracks. 

Other  techneques  are  also  introduced,  such  as  the  ultrasonic  spectro¬ 
scopy.  which  can  measure  simultaneously  the  ultrasonic  velocity  and 
absorption  in  a  wide  frequency  range  by  the  Fourier  transfc'rmat ion  ana 1> sis 
of  a  single  pulsd  and  be  utilized  to  detect  inhomogeneous  structure  inside 
polymeric  materials,  and  the  ultrasonic  fractography .  by  which  the  precise 
and  local  two-dimensional  measurements  of  crack  velocity  can  be  performed. 
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The  Dhase  behavior  and  rheology  of  polymer  liquid  crystals  have  been 
reviewed  with  an  eye  to  control  of  structure-property  relationships.  Their  uni¬ 
que  and  remarkable  rheology  is  discussed.  The  control  of  phase  behavior  and 
interreaction  is  shown  to  be  possible  as  illustrated  with  copolyesters. 

Features  will  be  illustrated  with  the  phase  diagram  developed  for 
poly(bisphenol  E-isophthalate-co-naphthanate)  in  a  parasubstituted  phenyl  ester 
of  terephthalic  acid,  di-  p-methylbenzoate  terephthalate.  This  binary  system 
exhibits  miscibility  in  a  nematic  phase  and  does  not  form  cocrystals.  The 
crystal  to  nematic  phase  transition  has  been  characterized  by  the  temperature 
and  heat  of  transition  data  and  by  the  Flory-Huggins  theory  for  the  melting 
point  depression  of  a  polymer-diluent  system. 

The  phase  behavior  was  examined  at  high  copolyester  content  with  three  dif¬ 
ferent  molecular  weights  of  BPE/I/N20.  These  blends  were  subsequently  tran- 
sesterified  in  the  solid  state  at  220oc  and  the  change  in  phase  transitions  are 
reported.  The  phase  behavior  and  transesterification  were  characterized  by  DSC, 
TGA,  polarized  light  microscopy,  x-ray  diffraction,  and  dilute  solution  visco- 
metry.  The  thermodynamic  criteria  for  the  melting  point  depression  and  the 
kinetics- of  transesterification  are  also  reported  for  the  utilization  of  this 


new  processing  technique. 
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Natural  cellulosic  fibers  have  in  common  the  fact  that  cellulose  is  the  key 
polymeric  component  in  the  structure,  although  the  chemical  composition  varies 
widely  depending  on  the  specific  source  of  the  fibers.  Cotton  fibers,  for 
example,  are  nearly  all  cellulose,  while  wood  fibers  may  typically  be  composed 
of  50a  cellulose,  25°  other  polysaccharides  collectively  known  as  hemicellulose, 
and  25o  lignin,  an  amorphous  complex  polymeric  substance  containing  aromatic 
residues.  Cellulose  is  a  long-chain  linear  condensation  polymer  of  £-D-glucose 
with  three  free  hydroxyl  groups  on  each  monomeric  unit.  These  groups  provide 
reactive  sites  for  chemical  modification  reactions  and  the  opportunity  of  extensive 
and  strong  inter-  and  intramolecular  hydrogen  bonds.  Because  of  the  hydrogen 
bond  network,  and  also  due  to  restricted  rotation  around  the  polymeric  l,4-£- 
linkage,  cellulose  is  a  rigid  and  stiff  chain  with  a  Tg  well  above  the  chemical 
decomposition  temperature. 

Despite  the  high  Tg,  native  cellulose  is  invariably  highly  crystalline  as  a 
result  of  the  biosynthetic  process.  In  naturally  occurring  cellulosic  fibers,  the 
cellulose  crystallites  are  invariably  aggregated  into  fibrils  which  constitute  the 
underlying  building  blocks  of  the  fiber.  In  cotton,  the  fibrils  are  laid  down 
during  the  development  or  growth  of  the  fiber  in  the  form  of  concentric  layers. 

The  fibrils  are  disposed  at  an  angle  of  23°  with  respect  to  the  fiber  axis  and 
thus  they  describe  a  helical  pattern.  The  sense  of  the  helix  reverses  frequently 
along  the  length  of  the  fiber.  This  morphology  is  unique  to  cotton;  other  cellulosic 
fibers  such  as  ramie  and  jute  have  similar  fibrillar  structures,  but  fibrillar  angles 
in  the  5  to  1 0  degree  range  with  no  reversals.  Wood  fibers,  on  the  other  hand, 
are  structually  more  heterogeneous  and  may  be  considered  as  composites.  The 
individual  cells,  which  also  have  a  fibrillar  substructure,  are  embedded  in  the 
lignin,  although  some  lignin  is  distributed  also  within  the  cell  wall  structure. 

The  mechanical  properties  of  naturally  occurring  cellulosic  fibers  reflect 
their  complex  morphologies.  Despite  the  rigidity  of  the  cellulose  chain,  fibers 
su,h  as  cotton  are  quite  ductile  and  resilient  due  to  the  fibrillar  orientation  and 
the  helical  reversals.  Fibers  such  as  ramie  and  jute  are  less  extensible,  re¬ 
flecting  their  small  fibrillar  angles  and  lack  of  structural  reversals.  The 
mechanical  behavior  of  wood  fibers  is  complex  in  view  of  their  structural 
heterogeneity  and  composite-like  morphology. 
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